Chronic myeloid leukemia (CML) is a myeloproliferative neoplasm characterized by three phases: chronic, accelerated, and blast phase. However; first-and second-generation tyrosine kinase inhibitors are used for the treatment of CML with common and uncommon adverse events. Here, we report a 24-year-old male with CML in chronic phase started on imatinib as upfront medication who developed tremor and recovered spontenously after 3 years.
Background
Chronic myeloid leukemia (CML) accounts for approximately 15-20% of all leukemias in adults [1] . It has an annual incidence of 1-2 cases per 100,000, with a slight male predominance [2] [3] [4] . The median age at presentation is approximately 50 years.
CML is a myeloproliferative neoplasm characterized by the uncontrolled production of mature and maturing granulocytes with normal differentiation, and it is associated with the fusion of two genes: BCR (on chromosome 22) and ABL1 (on chromosome 9) resulting in the BCR-ABL1 fusion gene which gives rise to an abnormal chromosome 22, called the Philadelphia (Ph) chromosome. The Ph chromosome results in the formation of a unique gene product, the BCR-ABL1 fusion protein. Its product includes an enzymatic domain from the normal ABL1 with tyrosine kinase catalytic activity, and this deregulates tyrosine kinase that is implicated in the pathogenesis of CML.
The initial treatment of Ph-positive (Ph+), BCR-ABL+ CML is based on tyrosine kinase inhibitors (TKI) [5] . The first goal of treatment is to prevent progression, the second goal is to eliminate the leukemic clone.
Several TKIs are able to inhibit the BCR-ABL proteins. The TKIs registered so far for their activity on BCR-ABL include imatinib (Glivec or Gleevec, Novartis Pharma) [6, 7] , Nilotinib (Tasigna, Novartis Pharma) [6, 8] , and Dasatinib (Sprycel, Bristol-Myers Squibb) [6, 9] .
There is a wide range of side effects for imatinib which have been reported by the manufacturing company "Novartis." It can affect almost every organ in the body. Here, we present a case with a rare side effect of imatinib, tremor.
Case
A 24-year-old Nepalese man, previously healthy, was diagnosed with CML in 2013. He presented at that time to the Emergency Unit with fever and itching. He was found to have a high white blood cell count of 132,000 (normal range: 4,000-10,000) with peripheral smear suggestive of CML. His clinical examination was not remarkable. Bone marrow aspiration and biopsy were done with cytogenetic molecular testing to confirm the diagnosis. The patient was positive for BCR-ABL.
The diagnosis of CML was confirmed, and the patient was started on imatinib 400 mg p.o. once daily in November 2013. He was tolerating imatinib very well and achieved complete hematologic and cytogenetic response. The patient was followed and treated according to the European Leukemia Net Recommendations for CML. The patient was still on imatinib 400 mg every other day in 2016. During a routine follow-up in the clinic, the clinical examination revealed a fine tremor. There were no signs or symptoms of hyperthyroidism.
While analyzing the patient's history regarding his tremor, he denied a family history, alcohol consumption, or the use of other medications.
Discussion
Imatinib is a TKI approved for several different conditions which include [10] : newly diagnosed adult and pediatric patients with Ph+ CML in the chronic phase; patients with Ph + CML in blast crisis, accelerated phase, or in the chronic phase after failure of interferon-α therapy; adult patients with relapsed or refractory Ph+ acute lymphoblastic leukemia (Ph+ ALL); pediatric patients with newly diagnosed Ph+ ALL in combination with chemotherapy; adult patients with myelodysplastic/myeloproliferative diseases associated with PDGFR (platelet-derived growth factor receptor) gene rearrangements as determined by an FDAapproved test; adult patients with aggressive systemic mastocytosis without a D816V c-KIT mutation as determined by an FDA-approved test or with c-KIT mutational status unknown; adult patients with hypereosinophilic syndrome (HES) and/or chronic eosinophilic leukemia (CEL) who have a FIP1L1-PDGFRα fusion kinase and for patients with HES and/or CEL who are FIP1L1-PDGFRα fusion kinase negative or where the status is unknown; adult patients with unrespectable, recurrent, and/or metastatic dermatofibrosarcoma protuberans; patients with KIT (CD117)-positive gastrointestinal stromal tumors (GIST) that cannot be surgically removed and/or have spread to other parts of the body; and adult patients after surgery who have had their KIT (CD117)-positive GIST completely removed. With imatinib, the complete hematologic response rate is close to 100%, the complete cytogenetic response (CCgR) rate ranges between 65 and 80%, the major molecular response rate (or BCR-ABL ≤0.1% on the International Scale) ranges between 40 and 60%, and the complete molecular response rate (or BCR-ABL ≤0.01% on the International Scale) ranges between 15 and 30% [7, [11] [12] [13] [14] [15] . About 20% of all patients become resistant, about 15% of all patients discontinue imatinib because of side effects.
There is a wide range of side effects for imatinib which have been reported by the manufacturing company "Novartis." It can affect almost every organ in the body, and tremor is mentioned under nervous system disorders which are classified according to their frequency and include: the very common category (≥10%) includes headache (37%) and dizziness (19%); the common category (1-10%) includes paresthesia and hypoesthesia; the uncommon category (0.1-1%) includes migraine, syncope, peripheral neuropathy, sciatica, restless leg syndrome, tremor, and vertigo; and the rare category (<0.1%) includes seizures.
Since our patient was diagnosed with CML in 2013, he was initiated on imatinib 400 mg once daily. He was followed up regularly in an outpatient clinic including physical exam and laboratory. He did not experience any of the above-mentioned side effects.
Tremor was reported previously in two cases of GIST; the first one was published in 2011 on a patient who was diagnosed with GIST at the age of 74 and who was started on imatinib in 2001. He was treated for 10 years. He experiences one of the mentioned side effects: intention tremor [16] . The second case was published in 2015 about a 74-year-old female who was diagnosed with GIST and received imatinib mesylate as adjuvant therapy after surgical resection [17] . According to our knowledge tremor has not been reported before in CML patients.
When we observed this side effect in our patient, we first excluded other causes by analyzing his family history in detail, medication, and herbal usage. Physical exam did not reveal any abnormalities other than fine tremor (intentional). Tests of renal function, liver function, and thyroid function were normal. ECG was also normal.
In general, most of the side effects happen during the first 2 years of treatment, and some are reversible without changing the dosage [18] . Since our patient's tremor is mild and the current dosage achieved complete remission, we decide to continue with the same dosage.
Conclusion
Although tremor is reported as one of the rare side effects of imatinib by the pharmaceutical company, it has not been reported much in the literature, and it might be overlooked by physicians. Tremor might cause suffering to affected individuals and disturb their quality of life. We would like to highlight this rare side effect in order to increase physician awareness for a better education and reassurance to their patients.
